Background: Few Americans meet the Dietary Guidelines for Americans (DGA), yet a large percentage are overweight. Objective: The goal of this research was to examine the association between barriers and facilitators to meeting the DGA and weight in a multisite study. Design: This was a cross-sectional study in which 836 caregiverchild dyads among 3 race/ethnic groups completed the questionnaire across 6 sites participating in the HEALTH (Healthy Eating and Lifestyle for Total Health) Study. Barriers and facilitators to meeting the DGA were assessed by using a validated questionnaire developed specifically for the HEALTH Study. Heights and weights were measured. A series of bivariate regression analyses were conducted to examine the association between caregiver body mass index (BMI) or child BMI z score and the barriers and facilitators to meeting the DGA, adjusting for appropriate covariates in the models. Path analysis was used to examine the relation of caregiver and child barriers and facilitators to their relative BMIs. Results: In children, the BMI z score was associated positively (P , 0.001) with total barriers and negatively (P , 0.001) with total facilitators. In caregivers, BMI was associated positively only with total barriers (P , 0.0001). For each of the 8 MyPyramid components, barriers consistently were associated positively (P , 0.0001) and facilitators were associated negatively (P , 0.001) with BMI z score in children (with the exception of the fruit and physical activity components). For caregivers, most of the barriers to meeting recommendations for meats and beans; solid fats, alcohol, and added sugars; and physical activity components were associated positively (P , 0.01) with BMI. Path analyses show that caregiver facilitators were significantly related to children's facilitators to meeting DGA recommendations (standardized b: 0.12; P , 0.001). Conclusion: To our knowledge, our findings are among the first to show associations between weight and barriers and/or facilitators to meeting the DGA in a national, large sample of caregiverchild dyads. This trial was registered at clinicaltrials.gov as NCT02725970.
INTRODUCTION
Obesity rates in the United States have reached unprecedented proportions. Today, 69% of adults $20 y of age are overweight or obese (1) . Approximately 1 in 3 children are overweight or obese, nearly triple the rate in 1963 (1, 2) . Poor diet and physical inactivity resulting in energy imbalance are the most important factors contributing to the increase in overweight and obesity in the United States (3, 4) .
Americans consume inadequate amounts of many important food groups, including fruit, vegetables, whole grains, and reduced-fat dairy products (5) . Increased whole-grain, fruit, and vegetable intake is associated with a reduced risk of developing chronic diseases, such as cardiovascular diseases, type 2 diabetes, and perhaps certain types of cancer (6) (7) (8) (9) . Diets rich in dairy products have been shown to reduce the risk of low bone mass throughout the life cycle (10, 11) . Consumption of several food groups, including whole grains (12, 13) and fruit and vegetables (14) , has been found to be associated with lower body weight. Although each of these food groups alone may contribute to lowering disease risk, the consumption of these foods, along with other foods consumed in the diet, likely combine or interact in the body to determine overall health outcomes.
The Dietary Guidelines for Americans (DGA) 12 provide sciencebased recommendations to promote a healthy diet and physical activity (15) (16) (17) . Scientific evidence used to inform the DGA has been focused primarily on individual nutrients and food components as they relate to chronic disease prevention and health promotion (3, 4) . However, compared with adherence to any one food group or nutrient, adherence to all of the recommendations as a total nutritional package is likely to be more important for promoting health. The DGA are presented to the public in a consumer-friendly format called MyPyramid (18) and, more recently, called MyPlate (19) .
The DGA constitute a whole diet designed to meet nutrient requirements combined with recommendations for regular physical activity that promotes energy balance (15, 16) . However, we found a limited number of studies (20) (21) (22) (23) (24) that have examined the relation between DGA adherence as a whole diet, coupled with physical activity, on BMI. One surrogate way to assess DGA adherence is to examine the barriers and facilitators to meeting the DGA recommendations. To improve adherence to the DGA and thereby decrease the prevalence of overweight and obesity in the United States, there is a need to identify specific barriers and facilitators associated with adherence. The goal of this research was to examine the association between weight in caregiver-child dyads and the number of identified barriers and facilitators to meeting the 2005 DGA (15) in a multisite study. A secondary goal was to examine demographic differences in barriers and facilitators to meeting DGA recommendations. There were 2 phases in the HEALTH Study. Phase I (the formative phase) included survey development that used the nominal group technique (NGT) to identify the barriers and facilitators associated with adherence to the DGA in unrelated caregivers and fifth-grade children (25) . Phase II (the quantitative phase) included implementation of a multisite cross-sectional study in which the developed surveys were administered to caregiver-child dyads and heights and weights were obtained. The sample in phase I was not the same as the sample in phase II.
A previous study reported on the specific barriers and facilitators to meeting the 2005 DGA for specific food groups of MyPyramid. The present study is an extension of previous work (25) to examine the association of the barriers and facilitators to meeting the 2005 DGA in a multisite sample of caregiver-child dyads (15) as a whole diet coupled with physical activity, on BMI.
Theoretical framework
Currently, the prevention of obesity has been directed toward specific environments that may influence weight status (e.g., family, work, community, and school). Understanding how environments influence the weight status of individuals will inform interventions designed to curb obesity in the general population. However, there is an imperative to intervene at the earliest state of detection, because overweight children become overweight or obese adults (26) . Therefore, the logical environment to focus on is that of the family, and that focus should target caregivers and children. Ecological Systems Theory (27) posits that development relies on a complex set of factors that interact across multiple hierarchical environments or systems, and defines layers of environments or systems (i.e., family, school, community, and society) each having an important effect on development such that any change or conflict in one layer will ripple throughout the other layers. Based on Ecological Systems Theory, Davison and Birch (28) conceptualized a systems model of childhood overweight to define a set of factors interacting across multiple environments that influence child weight status. These researchers posited that child weight status is affected by both proximal environments (parenting styles and family characteristics) and more distal environments (community, demographic, and societal characteristics). This conceptual model incorporates the influence of multiple environments, accounting for important known correlates of weight status. In the current study, we used an adapted version of the Davison and Birch systems model-measuring variables that are reflective of facilitators and barriers to adherence to the DGA and their ultimate influence on the weight status of caregivers and children.
Sample and recruitment
At each study site, fifth grade children and their caregivers were eligible to participate based on self-identification as belonging to 1 of 3 major racial/ethnic groups: African American, Hispanic American, or European American. A caregiver was defined as "the person responsible for food preparation most days of the week." Children and their caregivers were recruited through local schools, flyers, newspaper advertisements, and word of mouth.
Strategies used in the schools included advertising in school newsletters; sending a recruitment packet home with children; presenting information about the project to fifth grade children and at parent-teacher organization meetings; and active involvement of parent liaisons, teachers, and school administrators in the recruitment efforts. All study materials were available in Spanish and English. Written informed consent was received from the caregivers, and verbal and written assent of the child was obtained before participation. The institutional review board at each site approved the study.
Sample size and power for the pilot barriers and facilitators survey
The complexity of issues involved in the determination of an appropriate sample size that provides stable covariances for structural equation modeling has prompted many investigators to use general guidelines or rules of thumb based on the ratio of subjects to variables (e.g., $10:1), or parameter estimates (e.g., 10-20:1), or simply a minimum sample size (e.g., $200). The uncertainty regarding this issue stems from the nature of the asymptotic statistics on which structural equation modeling is based, the sample size sensitivity of the absolute measure of fit (large samples may result in rejection of a model with trivial fit discrepancies), violations of assumptions (e.g., multivariate normality), and the complexity of the model. Based on information about the closeness of fit (i.e., effect size), model complexity (i.e., df), and error rate (i.e., a), one can prospectively calculate power to test a null hypothesis of poor fit [root mean square error of approximation (RMSEA) .0.10] for different sample sizes and df for the model. Power and sample size estimation is a function of the number of df for the model, where p is the number of observed variables [i.e., p(p + 1) O 2 2 number of unknown variables]. With the use of the SAS Macro program CMSPOWER (version 1.1; http://www.datavis.ca/sasmac/csmpower. html), we calculated that a sample size of 800 primary caregivers (split in half to conduct psychometric analyses) and a sample size of 800 children (split in half to conduct psychometric analyses) would have .80% power to detect a close fit (RMSEA: 0.05).
BMI
Height and weight measurements were obtained by trained staff members while following standardized procedures (29) . Caregivers and children were dressed in light clothing and asked to remove their shoes. Height and weight were measured in duplicate to assure accuracy. Height and weight for children were converted to age-and sex-specific BMI z scores with the use of the revised 2000 growth charts from the CDC (30) . BMI was calculated for caregivers. Overweight for children was defined as a sex-and age-specific BMI between the 85th and ,95th percentile, and obese was defined as a BMI $95th percentile (31) . For adults, normal weight (underweight individuals were combined with this group), overweight, and obesity were defined as a BMI of ,25.0, $25.0 to ,30.0, and $30.0, respectively (32) .
Development of a barriers and facilitators survey
A comprehensive list of nonredundant barriers and facilitators was compiled from 96 NGT sessions that were conducted across the 6 study sites with caregivers and unrelated fifth-grade children across 3 major racial/ethnic groups: African American, Hispanic American, and European American. A detailed description of the methodology used to determine the barriers and facilitators for consumer adherence to the DGA has been published previously (25) . The results from the formative phase of the HEALTH Study (25) were used to develop 2 versions of the barriers and facilitators survey, one for caregivers and one for children. The formative phase of the HEALTH Study was conducted when the 2005 DGA (15) were being promoted and MyPyramid (18) was the consumer educational tool designed for teaching the public on the 2005 DGA.
The response distillation used to develop inclusive lists of perceived DGA barriers and facilitators involved compiling and aggregating the prioritized, substantively similar responses across racial/ethnic groups. Any nonredundant responses endorsed by any group were included in generating 4 master response lists: 1) caregiver-perceived DGA barriers, 2) caregiver-perceived DGA facilitators, 3) child-perceived DGA barriers, and 4) childperceived DGA facilitators. An over-inclusive pool of questionnaire items with appropriate response categories and anchors was formulated from responses included on the master lists. The pool of non-English items was translated and back-translated by independent translators. Translations were then compared to ensure consistency of item content across the Spanish and English language groups.
The items distilled from the NGT sessions for the subsequent survey were subjected to in-depth cognitive interviews to finalize questions about adult caregiver and child barriers and facilitators to meeting the DGA. Cognitive interviews were conducted within each racial/ethnic group to assess the meaning and cultural sensitivity of survey items with the use of a standardized protocol. The purpose of cognitive interviewing was to ensure that item concepts and wording were comparable across different racial/ ethnic groups. After all the cognitive interviews were conducted, the measurement team examined the feedback to make adjustments so that items would be understood similarly.
The survey items selected for the barriers and facilitators survey were based on the most likely endorsed barriers and facilitators to meeting the specific dietary recommendations for the 8 components of MyPyramid: fruits; grains; meats and beans; milk; oils; solid fats, alcohol, and added sugars (SoFAAS); vegetables; and physical activity (18) . These components are later referred to as the 8 components assessed with the barriers and facilitators survey. For each MyPyramid component, the following question was asked: "How much do you agree or disagree that the following things make it easy (or not easy) for you to eat (X number of) servings of (X food component) every day?" The survey items varied between the caregivers and the children, which resulted in 2 separate barriers and facilitators surveys. The number and type of items also varied across the 8 MyPyramid components assessed. All items were assessed with the use of a 4-point Likert scale, which was anchored at each end of the scale by the terms "strongly disagree" and "strongly agree." The 1-to-4 score was assigned to each item in the 8 components for the barrier and facilitator question items in both the caregiver and child versions of the barriers and facilitators survey. Each numeric score was assigned as follows: 1 for strongly disagree, 2 for disagree, 3 for agree, and 4 for strongly agree. For each of the barriers and facilitators surveys, item scores were summed to provide an overall barriers or facilitators score for each of the 8 MyPyramid components. A higher score indicated that either more barriers or more facilitators were reported for meeting the DGA recommendations for each of the 8 components. Furthermore, all were summed to provide a total score for barriers and a total score for facilitators across all of the MyPyramid components for caregivers and children separately.
Reliability of the barriers and facilitators survey
For our study, the Cronbach's a was 0.98 or 0.99 for the total barriers/facilitators reported by the caregivers and children. For the 8 MyPyramid components, the Cronbach's a for the barriers survey items ranged from 0.86 to 0.96; for the facilitators, they ranged from 0.92 to 0.97. Results of the factor analysis are provided in the Supplemental Factor Analyses and Reliability Document and Supplemental Tables 1-17 .
Analysis

Regression analyses
The demographic characteristics of the participants were compared across the tertiles of barriers and facilitators (total score and scores for the 8 MyPyramid components) with the use of linear regression models for continuous variables and a chisquare test for categorical variables. A series of bivariate regression analyses were conducted to examine the association between the caregiver BMI or the child BMI z scores and the barriers and facilitators reported by the caregivers and children for each of the 8 MyPyramid components and for the total scores. The total barrier and facilitator scores and the 8 component scores were the independent variables and BMI was the dependent variable, adjusting for appropriate covariates (including age, sex, racial/ethnic group, or education level for caregivers) in the models. Trends in mean barrier and facilitator scores across BMI tertiles were also examined. To control for a global type I error in the multiple tests, the P value was adjusted to ,0.01. SAS Statistical Software package version 9.3 was used for all of the descriptive statistics and the bivariate regression analyses.
Path analysis
Path analysis, a multivariate technique, allows for the examination of .1 dependent variable at a time and allows for variables to be dependent with respect to some variables and independent with respect to others. Path analysis was used to examine the relation of caregiver and child barrier and facilitator scores to their relative BMIs. We used maximum likelihood parameter estimation in Mplus, which is robust in cases in which multivariate normality is violated. The models were elevated with a minimum fit function chi-square test and other approximate fit indicators to assess for adequate fit, including the RMSEA and the comparative fit index (CFI), with the use of the following criteria: x 2 (not significant, P value .0.05), RMSEA (criterion #0.07), and CFI (criterion $0.95) (33) . Path analyses were conducted with the use of Mplus 6.12 (2011; Muthén & Muthén).
RESULTS
Participants' demographic characteristics
A total of 836 caregiver-child dyads completed the barriers and facilitators survey ( Table 1) . The dyads were distributed across 6 sites and ranged from 67 dyads to 204 dyads. Supplemental Figure 1 is an example of a flowchart of the final sample selection for one site. The sample of children (mean age: 10.6 y) was 53% female and 34% European American, 33% African American, 30% Hispanic American, and 3% other. The sample of adult caregivers (mean age: 38.8 y) was predominantly female (85%) with a racial/ethnic group distribution similar to the sample of children. Sixty-five percent of adult caregivers reported some college or higher education, and 41% reported a household income of ,$25,000. The sample size varied among the demographic characteristics of the sample because of missing data; dyads with missing data were excluded from the path analysis. There were 712 caregiver-child dyads with complete demographic data. Significant differences were found between these and the 124 dyads excluded from the total sample of 836. Excluded caregivers were older (41.6 compared with 38.3 y, P , 0.0001) and had a lower BMI (in kg/m 2 ; 29.9 compared with 32.3, P = 0.007) than the included caregivers, and the excluded children were less likely to be Hispanic American (18% compared with 34%, P = 0.001) than the included children (data not shown).
The complete case analysis with covariate adjustment was used (34) . However, the multiple imputation approach was also applied to construct 5 complete datasets for the main analyses. The covariates used for the models, such as the child and caregivers' demographics, were included in the imputation models to avoid suppressed correlations. The results from the imputation models were similar to results for the complete data (data not shown).
Barriers to meeting the DGA
All of the barriers to meeting the DGA for the caregiver-child dyads and the associated factor loadings are described in Supplemental Tables 1-8. For each of the 8 MyPyramid components, a single factor was generated for the barriers and the individual factor loadings for each response were generated. The 5 most important response items defining each of the factors for each MyPyramid component are summarized below.
The most important barriers reported by caregivers to meeting the fruit recommendation were lacking variety, disliking taste, and being unsure what fruit went well with other foods. For children, the most important barriers were lacking availability, being too busy to eat fruit, appearance of fruit, and not seeing others eating fruit.
The most important barriers to meeting the grain recommendation (specifically whole grain) reported by caregivers included the inconvenience of preparing meals that included grains, not knowing what to look for on the food label, and not knowing the whole-grain recommendation. For children, the most important barriers to meeting the grain recommendation included taste, lacking availability, appearance, and making them sick to their stomach.
The most important barriers to meeting the meats and beans recommendation for caregivers focused on not being able to find good lean meats in stores, family not liking lean meats, and not having the time to cook beans. For children, the most important barriers included parents' lack of time to cook meals, they did not taste good or did not look appealing, lean meats were too expensive, and kids made fun of them if they ate beans.
The most important barriers reported by caregivers to meeting the dairy recommendation included not being included in their eating habits, friends did not drink dairy, a special diet that did not allow foods with milk in it, and foods from the milk group were fattening. For children, the most important barriers included not liking foods from the milk group, could not get milk in stores, too busy, and not having enough money.
The most important barriers to meeting the vegetable recommendation for caregivers included lack of flavor, spoilage, never developed the habit of eating vegetables, and other foods taste better. For children, the most important barriers included that they did not understand why eating vegetables was good for them, did not like the bitter taste or how they were prepared, and lack of availability in their house.
The most important barriers to meeting the physical activity recommendation reported by caregivers included feeling embarrassed, not being motivated, lack of money, and not seeing anybody like them who was physically active. For children, the most important barriers included being too overweight, being too tired or lazy, and worrying about getting injured.
Facilitators to meeting the DGA
All of the facilitators to meeting the DGA for the caregiverchild dyads and the associated factor loadings are described in Supplemental Tables 9-16 . For each of the 8 MyPyramid components, a single factor was generated for the facilitators, and the individual factor loadings for each response was generated. The 5 most important response items defining each of the factors for each MyPyramid component are summarized below.
The most important facilitators reported by caregivers to meeting the fruit recommendation were learning how to select and store fruits to keep them fresh, being able to find a variety of fresh fruits in more stores, and being a role model for their children. For children, the most important facilitators were getting more information about the different kinds of fruit, learning how to put different kinds of fruit with something else they like, and having more fresh fruit in stores.
The most important facilitators reported by caregivers to meeting the grain recommendation (specifically whole grain) included finding recipes with whole grains, making sure whole grains were clearly on nutrition labels, having examples of correct serving sizes, and learning how to be a role model by eating whole grains with their children. For children, the most important facilitators were having a plan to eat more foods with whole grains, setting a goal, learning about different ways one could eat 6 ounces (170.1 g) of grains every day, and trying different foods that were made with grains.
The most important facilitators reported by caregivers to meeting the meats and beans recommendation were learning how to plan meals and how to substitute other foods with lean meats and beans, knowing how to measure portion sizes correctly, and setting an example for their children to eat the recommended amounts. For children, the most important facilitators centered around needing more information on what they should eat, learning why eating meat and beans could make a person healthier, and learning how to choose lean meats.
The most important facilitators reported by caregivers to meeting the dairy recommendation included having recipes and learning how to include dairy in other dishes, and learning how to correctly measure the recommended serving sizes. For children, the most important facilitators were having people say how milk helps and learning more about why milk was important, setting goals for oneself to meet the recommendation, and having a way to measure the amount of milk products they ate every day.
The most important facilitators reported by caregivers to meeting the vegetable recommendation were learning how to combine different types of vegetables with other foods, having a greater variety of fresh vegetables available in stores, having cut-up vegetables available for snacks, setting a goal to eat vegetables every day, and getting their children involved in choosing vegetables. For children, the important facilitators included getting their parents to buy more vegetables and a variety of vegetables, getting their parents to cook vegetables that tasted good, and knowing the health benefits from eating vegetables.
The most important facilitators reported by caregivers to meeting the physical activity recommendation were learning ways they could be physically active with their children and the whole family, setting time aside to be physically active, and believing that they would feel better about themselves if they were physically active. For children, the important facilitators included learning how to motivate themselves and knowing that they would feel better about themselves if they were physically active, and learning about different kinds of physical activities that would be fun and enjoyable.
Demographic differences in barriers and facilitators to meeting DGA recommendations
Demographic differences in barriers and facilitators to meeting DGA recommendations are shown in Supplemental Tables 18-25 . Results showed a linear trend of child and caregivers' age across the tertiles of barriers and facilitators, such that the older children and younger caregivers tended to have more total barriers and barriers for all 8 MyPyramid components. In contrast, younger children and older caregivers reported more facilitators to meeting the total facilitators and more facilitators to meeting the SoFAAS and physical activity components. Children who reported more barriers to meeting the fruit recommendation were less likely to be female. Children and caregivers who reported more total barriers to meeting the DGA were more likely to be African American and Hispanic American than European American. No race differences for caregivers were found in barriers to meeting the recommendations for fruit, SoFAAS, and vegetables. Hispanic Americans reported more total facilitators and more facilitators to meeting meats and beans and dairy recommendations than the other race/ethnic groups. Caregivers in the highest tertiles of total barriers and MyPyramid components (except barriers to meeting the physical activity recommendation) were less likely to have an associate degree or above. However, caregivers with less than a high school education were more likely to have more facilitators to meeting the dairy recommendation. When we controlled for site, total facilitators were negatively associated (P , 0.01) with weight (P , 0.01), and barriers were positively associated with weight in both the caregivers and children.
Association between barriers and facilitators to meeting DGA recommendations and body weight with the use of bivariate regressions
Among the children, the BMI z score was associated positively (P , 0.0001) with total barriers and associated negatively (P , 0.0001) with total facilitators ( Table 2) . Among the caregivers, BMI was associated positively only with total barrier scores (P , 0.001). For each of the 8 MyPyramid components, barriers consistently were associated positively (P , 0.0001) and facilitators were associated negatively (P , 0.001) with BMI z score in the children (with the exception of the fruit and physical activity components). For caregivers, the barriers to meeting recommendations for meats and beans, SoFAAS, and physical activity components were associated positively (P , 0.001) with BMI. None of the facilitators to meeting recommendations for the 8 MyPyramid components were associated with caregivers BMI.
Child and caregiver weight status stratified by tertiles of barrier and facilitator scores
Similar results were found when looking at trends of mean 6 SD BMI across barrier and facilitator score tertiles ( Tables 3  and 4 ). Some exceptions for the children were that the facilitators to meeting the grain and vegetable recommendations were no longer significant, but for the facilitators to physical activity, BMI became significant across the tertiles (negative trend). For caregivers, barriers to meeting the SoFAAS recommendation were no longer significant and barriers to fruit recommendation became significant across the BMI tertiles (positive trend).
Associations between caregiver barriers and facilitators, caregiver BMI, and child BMI z score
The path analysis model for testing the relation and significance of indirect effect or mediation paths between barriers and body status in the 712 complete caregiver-child dyads, with complete demographic data, are shown in Figure 1 . This model provided an adequate fit to the data: x 2 (8): 18.11; P = 0.020; RMSEA: 0.04 (90% CI: 0.03, 0.07); CFI: 0.98. The direct path from caregiver barriers to children to meeting DGA recommendations barriers and child barriers to child BMI z score were significant, with standardized coefficients as follows: standardized b: 0.43; 95% CI: 0.37, 0.48; P , 0.0001; and standardized b: 0.33; 95% CI: 0.26, 0.39; P , 0.0001, respectively. Similarly, the direct path from caregiver barriers to caregiver BMI, and caregiver BMI to child BMI z score were also significant, with standardized b as follows: standardized b: 0.13; 95% CI: 0.07, 0.20; P , 0.0001; and standardized b: 0.43; 95% CI: 0.36, 0.50; P , 0.0001, respectively. There was an indirect effect (standardized b: 0.17; 95% CI: 0.12, 0.19), in which the indirect effect through child barriers and child BMI z score was 0.11 (standardized b: 0.11; 95% CI: 0.08, 0.14; P = 0.0001), indicating that child BMI z score increased by 0.14 SD for every 1-SD increase in caregiver barriers indirectly via child barriers. The small to medium effect size of the indirect effect from caregiver barriers and through caregiver BMI was the following: standardized b: 0.06; 95% CI: 0.02, 0.07; P = 0.010. This indicated that the child BMI z score increased by 0.06 SD for every 1-SD increase in caregiver barriers indirectly via caregiver BMI. The path analysis model for testing the relation between facilitators and BMI in caregiver-child dyads is presented in Figure 2 . The model provided a good fit to the data-x 2 (8): 24.70; P = 0.002; RMSEA: 0.06 (90%, CI: 0.03, 0.08); CFI: 0.94. The direct path from caregiver facilitators to child facilitators was significant; for child facilitators to child BMI z score, standardized coefficients were 0.12 (standardized b: 0.12; 95% CI: 0.05, 0.18; P , 0.001) and -0.09 (standardized b: 20.09; 95% CI: 20.15, 20.08; P = 0.028), respectively. The direct path from caregiver facilitators to caregiver BMI was not significant (standardized b: 20.03; 95% CI: 20.10, 0.03; P = 0.384), but the path from caregiver BMI to child BMI z score was significant (standardized b: 0.49; 95% CI: 0.40, 0.55; P , 0.0001). Therefore, there were no indirect effects of caregiver facilitators on child BMI z score via child facilitators or via caregiver BMI. In summary, neither caregiver BMI (standardized b: 20.01; 95% CI: 20.04, 0.01; P = 0.389) nor child facilitators (standardized = 20.01; 95% CI: 20.02, 0.00; P = 0.153) mediated the link between caregiver facilitators and child BMI z score with the use of our sample. Small, medium, and large effect sizes were 0.01, 0.09, and 0.25, respectively, as defined by Preacher and Kelley (35) .
DISCUSSION
To our knowledge, our findings are among the first to show associations between child BMI z score and barriers and facilitators to DGA adherence. As expected, we found overall that higher barrier scores were associated with higher BMI and that higher facilitator scores were associated with lower BMI. These associations were also observed when examining the barriers and facilitators to meeting 8 MyPyramid components (with the exception of the facilitators to meeting the fruit component). One possible reason why there was no association between facilitators to meeting the fruit component and BMI is a lack of variability in the fruit intake of the children in this study. The typical total fruit intake of 9-to 13-y-old children [i.e., 1.1-cup equivalent (36) ] is close to meeting the fruit recommendation (1.5-cup equivalent) for this age group. Among the caregivers, total barriers, but not total facilitators, were positively associated with BMI. This was reflected in a positive association between barriers for 6 of the 8 MyPyramid components and BMI. The lack of association between the barriers to meeting the DGA recommendations for the milk and vegetable components may reflect the very low consumption of these food groups in young adults (5) . The lack of association between total facilitators and BMI may reflect that only 1 of the 8 MyPyramid components (vegetables) showed a negative association with BMI.
A unique contribution of this study is the relation between barriers and facilitators to meeting DGA recommendations and BMI in a large sample of caregiver-child dyads. Caregiver scores for total barriers and total facilitators to meeting DGA recommendations predicted their respective child total scores. The total numbers of barriers reported by the caregivers and their children were positively associated with BMI. However, the total reported facilitators were negatively associated with BMI in the children only. These results suggest that there is concordance within families on the number of barriers and facilitators to meeting the DGA recommendations. This may explain why studies have shown resemblances in parent-child dietary intake (37) (38) (39) (40) (41) (42) and in dietary patterns (37, (43) (44) (45) (46) .
One study reported on the barriers and facilitators to consumer adherence to the DGA recommendations for 4 nutrient-rich food groups, as outlined in MyPyramid for adults and children (25) . The core barriers reported by the adults were lack of meal preparation skills, difficulty in changing eating habits, cost, taste, and lack of knowledge of the DGA. For the children, barriers included competing foods (e.g., soda, junk foods, and sugary foods) and taste, flavor, and smell. All of these barriers can significantly affect what is being served and consumed in the family environment. For both adults and children, reported facilitators closely coincided with barriers, highlighting modifiable conditions that could help families meet the DGA. For example, facilitators included availability, accessibility, and affordability; more information about the health benefits and recommendations; and the availability of recipes and guidance on food preparation. Based on the results of that study, we concluded that the association between barriers and facilitators is important as a factor to meeting DGA recommendations and BMI. Our results suggest that the barriers were positively associated with BMI in caregiver-child dyads and that the facilitators were negatively associated with BMI in children. Diet quality indexes have been used to evaluate compliance with dietary recommendations and chronic disease risk (47) (48) (49) . Previous studies have shown an inverse relation between diet quality and BMI (20) (21) (22) (23) 50) and cardiovascular disease risk factors (20, 51, 52) . At the time of our study, the Healthy Eating Index-2005 was the measure available to assess adherence to the 2005 DGA (53, 54) . It is expected that Americans who adhere more closely to dietary recommendations will have betterquality diets. Unfortunately, our study lacks dietary intake data. Therefore, we based our analyses on the assumption that the validated barriers and facilitators survey would serve as a surrogate for adherence to the DGA. The results showed that barriers (poor diet quality) and facilitators (better diet quality) to meeting the DGA recommendations were related to BMI in ways that are similar to what has been shown in studies with the (20) (21) (22) (23) . Additional studies are needed to further validate the barriers and facilitators survey with measures of food intake and DGA adherence.
As with any study, ours has limitations. The underlying assumption of this study was that barriers and facilitators to meeting the DGA would be positively and negatively associated with adherence to the DGA. This was an empirical assessment of DGA adherence. In 1995, a recommendation was made to use the Healthy Eating Index as a measure of adherence to the DGA (1). Since then, a variety of approaches have been used to assess DGA adherence (55) (56) (57) (58) (59) . More studies are needed to obtain scientific proof on how this empirical approach compares with other quantifiable methods. The results are based on self-reported data, which may have introduced social desirability bias. Although we provided an introduction to the DGA before administering the survey, it is unclear to what extent participants understood the DGA recommendations, particularly in terms of portion size, for each of the food components. Finally, the sample was not obtained randomly, and some selection bias may have occurred. The sample of children was also limited to fifth graders and their caregivers, and may not be generalizable to other age groups.
At the time of this study, only the 2005 DGA were available; therefore, they became the basis for this multisite study (3) . This study began in 2010, before the issuance of the 2010 DGA (4). One can argue that there was very little difference between the 2005 DGA and the 2010 DGA. In this regard, the results from this study are still relevant and informative. Changes in dietary recommendations over time have been reviewed (60) . The authors concluded that the dietary recommendations have evolved over time to keep pace with new findings and changes in food consumption and activity patterns. However, despite these changes, "many of today's dietary recommendations remain FIGURE 1 Path model testing the indirect effect of caregiver total barriers on child BMI via caregiver BMI or via child total facilitators, adjusted for child age, sex, and race/ethnicity and caregiver education level. Results are reported as standardized b (95% CI). Goodness of fit-x 2 (8): 18.11; P = 0.020; root mean square error of approximation: 0.04 (90% CI: 0.02, 0.07); comparative fit index: 0.98. ***P , 0.0001. FIGURE 2 Path model testing the indirect effect of caregiver total facilitators on child body size via caregiver BMI or via child total facilitators, adjusted for child age, sex, and race/ethnicity and caregiver education level. Results are reported as standardized b (95% CI). Goodness of fit-x 2 (8): 24.70; P = 0.002; root mean square error of approximation: 0.06 (90% CI: 0.03, 0.08); comparative fit index: 0.94. **P , 0.001; ***P , 0.0001. impressively similar to those of yesterday" (60) . The results from this study will be informative not only to health educators and practitioners, but also to the USDA, in developing consumer-based messages and strategies for overcoming some of the specific barriers while at the same time emphasizing some of the facilitators (or ways) to meet the DGA.
The strengths of this study are that it was multisite and multiethnic. Also, to our knowledge, it was the first study to evaluate the association between self-reported barriers and facilitators to meeting the DGA recommendations as a total nutritional and physical activity package and relate these factors to BMI in caregiver-child dyads. More studies are needed to confirm these findings with other age and racial/ethnic groups and with dietary intake and diet quality. Moreover, intervention efforts also may need to be tailored to age segments of the population. The reflective commonality between reported barriers and facilitators suggests that focusing on the facilitators may minimize the barriers to meeting the DGA. The authors' responsibilities were as follows-TN: designed the research and had primary responsibility for the final content; YL: performed all of the statistical analysis; and all authors: collaboratively drafted the manuscript, provided edits and corrections, and read and approved the final manuscript. None of the authors reported a conflict of interest related to the study.
